SUMMARY: Four continuous lines of RSV-transformed quail cells were estab blished; QERC-31F and QERC-31N cells derived from quail embryo cells and PERP and PERY cells from adult quail peritoneal macrophages. Marked morphological difference was noted between QERC-31F and QERC-31N; the former showed fusiform shape and the latter nodular shape. Both PERP and PERY showed macrophage-like morphology with phagocytic capacity. All four cell lines contained gs antigen and gp 85. Production of transforming virus was found in QERC-31N, PERP and PERM. In spite of failure in production of transforming virus, EQRC-31F was demonstrated to produce C-type particles by electron microscopy and to contain tumor-specific surface antigen by in vivo immunization and in vitro microcytotoxicity tests.
INTRODUCTION
Numerous lines of mammalian cells are available for studies of tumorigenesis and tumor immunity. In contrast, only few cell lines of avian origin have been established (Dinowitz, 1977; Hihara, Shimizu and Yamamoto , 1974; Langlois et al., 1976; Moscovici et al., 1977) . In our laboratory, Japanese quails have ex tensively been employed for the study of host responses to primary virus-induced tumors (Yamanouchi et al., 1968; Hayami et al., 1972 Hayami et al., , 1976 Yoshikawa et al., 1976; Hayami, Ignjatovic and Bauer, 1977) . In order to obtain target cells for in vitro cytotoxicity assays by use of serum and lymphoid cells, an attempt has been made to establish continuous cell lines by RSV infection of quail embryo (QE) cells as well as peritoneal macrophages; the latters were suspected to serve as additional major in vivo target cells for RSV. The present report describes the establishment and characterization of four tumor-cell lines, two from QE cells and two from peritoneal macrophages.
MATERIALS AND METHODS
Virus: A stock of the Schmidt-Ruppin (SR) strain of RSV belonging to et al. (EMEM containing 15% calf serum and 40% conditioned medium). The spleen cell suspension was added to wells containing the target cells at a target: eflector cell ratio of 1:50-1:200. After incubation at 37 C for 20 hr, the cells were washed, fixed with alcohol and stained with Giemsa solution. The numbers of surviving target cells were counted under the microscope, and the percentage of the target cell destruction by immune spleen cells was calculated by taking the mean num ber of the surviving target cells after incubation with normal spleen cells as zero percent of destruction.
RESULTS

Establishment of Transformed Cell Lines
Primary cultures of quail embryo cells in 10-cm Falcon plastic dishes were inoculated with 105.3 FFU of SR-RSV. After adsorption at 39 C for 90 min in a CO2 incubator, cell suspensions were prepared by adding trypsin to the cultures. Five milliliters of the cell suspensions containing 104 or 105 cells/m] were mixed with 10 ml of 0.5% agar gel and the mixture was overlaid on the preformed base layer of 1% agar in 10-cm plastic dishes. After incubation at 39 C in the CO2 incubator, colonies of transformed cells were picked up in glass capillaries , suspended in various growth media, and incubated further . A total of 120 colonies were examined in the following growth media; RPMI 1640 , 199, a mixture of 199 and YLE, EMEM, and the same media with 10% tryptose phos phate broth, all of which were supplemented with 10% fetal bovine serum. All the cell clones except those cultured in RPMI 1640 began to vacuolate during passages and were discarded. Two clones of cells were successfully passaged in RPMI 1640 medium. One of them exhibited fusiform-shaped cells and the other nodular-shaped (Fig. 1 ). They were designated as QERC-31 F and QERC-31 N, respectively. They have been maintained for over 26 months in tissue culture, and their passage levels in July, 1978 were 131 for QERC-31 F and 122 for QERC-31 N.
The suspension of the peritoneal exudate cells was seeded in plastic flasks (Falcon No. 3012) , and 10 5.3 FFU of SR-RSV was inoculated concomitantly. By transferring at intervals of 4-5 days, the two cell lines designated as PERP and PERY have been maintained since February, 1977. Their passage levels in July, 1978 were 58 for PERP and 46 for PERY. Both cell types exhibit similar morphological features being large and vacuolated with irregular shapes (Fig . 1) . Phagocytosis of latex was demonstrated in PERP and PERY but not in QERC-31 F or QERC-31 N. Population-doubling times during the exponential growth periods were determined for QERC-31F, QERC-31N, and PERP from their growth curves; they were 25, 30, and 21 hr, respectively.
Detection of Transforming Virus and gs Antigens
Three newly established cell lines, QERC-31F, QERC-31N, and PERP, were examined for the production of transforming virus as well as for avian retro virus gs antigens. As controls, other tumor-cell lines of quail origin, QT, Rous (-), MCQ 1-4, and MCQ 3-5, were similarly examined.
As summarized in Table I , gs antigens were demonstrated in the five tumorcell lines transformed by RSV but not in a chemically transformed cell line, MCQ 3-5. Among the four RSV-derived cell lines tested, QERC-31 N and PERP were found to produce relatively large amounts of transforming virus, whereas QERC-31F and QT were shown not to produce transforming virus by in vitro as well as in vivo assays. In a separate experiment (data not shown), another cell line derived from the peritoneal macrophages, PERP, was found to release transforming virus.
Apparent lack of transforming virus in QERC-31 F led us to examine this cell line by electron microscopy. As shown in Fig. 2 , the presence of C-type particles closely resembling RSV was demonstrated.
TABLE I Production of transforming virus and gs antigen in quail tumor-cell lines
Suspensions of tumor cells were frozen and thawed 3 times, and the supernatants after centrifugation were examined for gs antigens by the complement fixation test and for infectious virus by focus assay and by inoculating intramuscularly into the wingwebs of 4-week-old quails.
1) gs antigen titer expressed as the reciprocal of the highest antigen dilution that fixed 2 units of complement in the presence of 2 units of anti-gs antibody. 2) Quails were observed for 3 weeks for tumor appearance.
Figures indicate number of birds with tumors/number of inoculated birds. 3) Not tested 
Defection of Major Virion Envelope Glycoprotein, gp 85
Polyacrylamide gel analyses of virion envelope glycoproteins were conducted on the four tumor cell lines, QERC-31F, QERC-31N, PERP, and QT. As controls, normal QE cells and PR-RSV-A virus grown in QE cells were similarly examined. The results are shown in Fig. 3 . Virion envelope glycoprotein, gp 85 was found in the lysates of two virus-producing cells, QERC-31N and PERP, Fig. 3(a) . Table II . Two cell lines, QERC-31 F and QT, induced tumors that regressed in about a week after inoculation of non-irradiated cells but not with UV-irradiated ones. Thus, these two cell lines were found to maintain tumorigenicity in quails. In contrast, QERC-31N and PERP showed tumor formation by inoculation of not only nonirradiated cells but also UV-irradiated ones. Tumors induced by the nonirradiated QERC-31N and PERP progressed with similar growth patterns as observed for quails inoculated with a large dose of infectious SR-RSV (Hayami et al., 1976) . Since they produce a large amount of infectious virus, tumors induced by non-irradiated cells are speculated to be caused mainly by infectious TABLE II Induction o f resistance to SR-RSV by immunization with tumor cells Quails at 7 weeks of age were intramuscularly inoculated into the left wingwebs either with 108 unirradiated or UV-irradiated tumor cells, and observed every other day for tumor formation.
Two weeks later, the birds were challenged by intramuscular inoculation into the right wingwebs with 100 FFU of SR-RSV, and observed for further 2 weeks. 1) Number of birds with tumor/number of birds inoculated. 2) Average of the group in mm 3) Not tested virus, and tumorigenicity of these cells per se cannot be determined. Tumor formation in all five birds inoculated with UV-irradiated QERC-31N and one bird with UV-irradiated PERP can also be explained by the effect of infectious virus which escaped UV-inactivation.
Two weeks after inoculation, all the quails except those bearing progressing tumors, i.e., the birds inoculated with non-irradiated QERC-31N or PERP, were challenged with 100 FFU of SR-RSV into the contralateral wingwebs. In the case of immunization with QERC-31 F, as shown in Table II , a significant protection was obtained with either the UV-irradiated cells or the non-irradiated ones. No protection was observed by immunization with QT cells. Since QERC-31F does not produce transforming virus, successful immunization with UVirradiated cells suggested involvement of tumor-specific surface antigen (TSSA) for the induction of resistance to SR-RSV as suggested by Bauer et al. (1977) . Therefore, two types of experiments were subsequently designed to test this hypothesis.
In the first experiment, two groups of quails each consisting of four birds were immunized intramuscularly with 106 UV-irradiated QERC-31F or Rous (-) virus, the latter in the presence of polyethylene glycol, which lacks the major virion envelope glycoprotein gp 85 but is considered to be able to induce TSSA (Hayami et al., 1977) . They were challenged 2 weeks later with 100 FFU of SR-RSV as in the previous experiment. The time course of tumor develop- Fig. 4 . Induction of resistance to RSV by immunization with QERC-31F cells or Rous (-) virus. Quails were immunized intramuscularly into the right wingwebs with QERC-31F cells or Rous (-) virus mixed in polyethylene glycol. Two weeks later, the birds were challenged with 100 FFU of SR-RSV into the left wingwebs, and tumor sizes were measured at intervals. ment after the challenge is shown in Fig. 4 . The protective effect of QERC-31F was again confirmed in this experiment. Moreover, Rous (-) virus, showed a significant delay in tumor appearance compared with that in non-immunized birds.
An alternate approach, in vitro detection of immune spleen cells, was attempted by immunizing quails with SR-RSV, QERC-31F, or Rous (-) virus. Since similar results were obtained in the duplicate experiments, the results of only one experiment are shown in Table III . All three types of effector spleen cells, immunized with SR-RSV, QERC-31 F or Rous (-) virus, showed marked cytotoxicity on the quail embryo cells transformed by SR-RSV and those by QERC-31 F cells but not on normal QE cells.
DISCUSSION
Four quail cell lines, viz., three tumor-cell lines isolated by the present authors and Rous (-) cells isolated by Friis, have been available, thus far. In the present study, four new cell lines of quail origin were established. Consequently, three cell lines from RSV-transformed QE cells, two from RSV-transformed peritoneal exudate cells, one from RSV-induced tumor, and two from chemically-induced tumors are now available.
General characteristics of these eight cell lines are summarized in Table IV TABLE III In vitro cytotoxicity of quail spleen cells immunized with SR-RSV, QERC-31F cells or Rous (-) virus on quail tumor cells for comparative purposes. Among the four cell lines of in vitro transformed cell origin, PERP and PERM appeared to have characteristics similar to each other. On the other hand, QERC-31F and QERC-31N exhibited marked differences each other; the former showed a fusiform morphology and produced no transforming virus, whereas the latter showed nodular shape and produced virus. In spite of the lack of transforming virus production, QERC-31F was found to produce virus particles with typical C-type morphology and to synthesize the virion envelope glycoprotein, gp 85. Since the monospecific antibody to gp 85 was prepared by immunization of rabbits with gp 85 of subgroup C-RSV and QERC-31F derived from QE cells transformed by subgroup A-RSV, the gp 85 demonstrated in the present experiment can be considered to be groupspecific gp 85 (Rohrschneider, Bauer and Bolognesi, 1975) . In spite of the failure to demonstrate transforming virus, virus particles were demonstrated in QERC-31 F by electron microscopy. QERC-31F cells, both UV-irradiated and non-irradiated, were shown to confer immunity on quails against the challenge with SR-RSV and to produce cytotoxic spleen cells to SR-RSV-transformed QE cells when examined in vitro. Moreover, spleen cells immunized with Rous (-) virus were cytotoxic to QERC- 31F cells. Since Rous (-) virus can induce TSSA but not gp 85, demonstration of cytotoxic spleen cells can be interpreted as an indication of the presence of TSSA in QERC-31 F. Thus, QERC-31F cells were presumed to contain both group-specific gp 85 and TSSA. It would be interesting to know whether the immunity induced by QERC-31 F in quails depends on TSSA or gp 85 or both. Purification from QERC-31 F cells of factors responsible for conferring immunity on quails is now in progress. The majority of in vitro studies on tumorigenesis by RSV have been conducted with fibroblasts as target cells, whereas virus interactions with macrophages have been investigated only in very limited studies. In earlier studies, Carrel (1924) pointed out that monocytes were the cells specifically infected with RSV. Contrary to this, Rangan and Bang (1967) showed only low-grade persistent infection of chicken buffy-coat macrophages with RSV in in vitro culture. In the latter study, production of infectious RSV could only occasionally be detected at low titers of about 0.1% of those obtained from chick embryo cell cultures. In the present study, the cell lines PERP and PERY were shown to maintain the characteristics of macrophages as indicated by their pleomorphic morphology with abundant vacuoles and by their phagocytic activities as well. Both cell lines supported efficient replication of virus. Whether the apparent discrepancy to the findings by Rangan and Bang is due to differences between chickens and quails or to a difference in the virus strains employed cannot be presently determined.
Because of their pleomorphism, distinct evidence for transformation of peritoneal macrophages cannot be obtained from the morphological point of view.. However, the colony-forming capacity in soft agar suggests their nature as tumor cells, although it has been shown that there is no strict correlation between the colony-forming capacity in soft agar and in vivo tumor formation (Becker et al., 1977) . Nevertheless, the successful long-term culture of macrophages that cannot usually be attained may therefore be caused by transformation of these cells by RSV. Similar establishment of a macrophage cell line was reported for mouse peritoneal macrophages transformed by simian virus 40 (Mauel and Defendi, 1971) .
